The aim of this study was to monitor the stabilization of a sequential batch reactor (SBR) regarding the partial nitritation of poultry slaughterhouse wastewater, aiming at preparing it for a reactor with bacteria that promote anaerobic ammonia oxidation (anammox). A cylindrical reactor with a useful volume of 3.5 L, mechanical agitation (50 rpm), and suspended biomass was used in the experiment. The strategies adopted for nitrite-oxidizing bacteria (NOB) inhibition were cycle time (CT: 24, 16, 6, 5, 4 h and real-time monitoring), free ammonia accumulation, alkalinity restriction and low concentrations of dissolved oxygen (DO). The ammonification process, observed at all experimental phases, negatively influenced the control of partial nitritation process. Alkalinity restriction under low cycle times (4 and 5 h) conditions, together with low dissolved oxygen concentration, was a key factor for nitrite-oxidizing bacteria inhibition. Stability of partial nitritation was only reached by real-time monitoring, being the cycles stopped when 50% N-NH4 + and 50% N-NO2 − were present in the reactor.
INTRODUCTION
Biological nitrogen removal can occur by conventional method from autotrophic nitrification processes in which nitrifying bacteria oxidize ammonia to nitrite and then nitrite to nitrate, followed by the heterotrophic denitrification process, with conversion of nitrate to nitrite and, subsequently, to nitric oxide (NO), nitrous oxide (N2O) and nitrogen gas (N2). Recently, faster methods have been studied such as partial nitritation followed by final nitrogen removal by microorganisms with anammox (anaerobic ammonia oxidation) activity or short-cut denitrification (MADIGAN, 2010) .
Nitrogen removal by anammox is an interesting treatment possibility since the bacteria involved have a greater capacity of transforming nitrogenous forms present in wastewater into nitrogen gas (N2) (SCHEEREN et al., 2011) . Researches on new nitrogen removal pathways are important because of the high cost of aeration systems, which are needed in wastewater with high loads (CHANG et al 2012) . WANG et al (2011) indicated partial nitritation followed by denitrification, or anammox activity, as a viable solution regarding this aspect.
In order for the removal process to be possible via anammox, partial nitritation of wastewater is needed, so that the substrate presents in its composition a ratio of 1-mole ammoniacal nitrogen to 1.32-mole nitrite, i.e. 50% ammoniacal nitrogen and 50% nitrogen as nitrite (MADIGAN, 2010) .
Partial nitritation of ammoniacal nitrogen to nitrite is promoted by nitrite-oxidizing bacteria (nitrafying) inhibition, which inhibits nitrate formation. The factors that exert a greater influence on this inhibition are pH, dissolved oxygen (DO), temperature and nitrifying bacteria (Nitrosomonas and Nitrobacter) doubling rate (PRA et al, 2012; VIANCELLI et al, 2011; SUN et al 2010 , ZHU et al 2008 .
The effect of pH on partial nitritation can be expressed in two ways, either the inhibitory action of the hydrogen [H + ] and hydroxyl [OH − ] ions on microorganism growth rate or the inhibitory action of free ammonia. According to ZHU et al. (2008) , nitrite-oxidizing bacteria Tatiane M. de Assis, Marcos V. Schilichting, Carla L. Lopes et al. Eng. Agríc., Jaboticabal, v.37, n.2, p.323-332, mar./abr. 2017 324 present a lower growth rate when submitted to a high pH condition than ammonia-oxidizing bacteria, which favors partial nitritation.
Dissolved oxygen acts as a regulator of ammonia to nitrite conversion since it is the final electron acceptor in nitritation. In studies by VIANCELLI et al. (2011) , in which partial nitritation and anammox activity occurred in the same reactor submitted to DO values lower than 0.5 mg L −1 , process viability was confirmed under low dissolved oxygen concentration. In experiments with complete nitrification, ANDRADE et al. (2010) assessed the influence of DO on nitrification speed and observed that nitrification rate is directly proportional to DO concentration. GERARDI (2006) observed that a difference in doubling time between the two nitrifying bacteria groups influences inhibition process. In treatment systems, Nitrosomonas (nitrifying) population size is greater than Nitrobacter (nitrafying) because Nitrosomonas obtain more energy from ammonium ion oxidation; on the other hand, Nitrobacter obtains its energy from nitrite ion oxidation. Therefore, nitrifying bacteria have a shorter generation time and are able to increase rapidly in number when compared to nitrafying bacteria. In order to reduce the growth rate of nitrafying bacteria, several authors have maintained the reactor temperature around 35 °C since high temperature reduces microorganism growth rate (ZHU et al, 2008; WANG et al, 2011; PRÁ et al. Al, 2012) .
Sequential batch reactor (SBR) has been shown a viable option in nutrient removal due to ease of operation and low cost (DALLAGO et al, 2012; ANDRADE et al 2010; MEES et al, 2013) .
In this context, the aim of this study was to assess the stability of partial nitritation of poultry slaughterhouse wastewater in a sequential batch reactor (SBR) using as variables the pH, presence of free ammonia, alkalinity supply, DO concentration and cycle time.
MATERIAL AND METHODS

Wastewater
Wastewater was collected at the exit of an anaerobic lagoon from the wastewater treatment system of a poultry slaughterhouse located in the western region of Paraná State. After collection, wastewater was homogenized, conditioned in 2 L polyethylene containers and stored in a freezer at −20 °C. Before storing process, wastewater was characterized according to physical and chemical parameters presented in Table 1 . 
where, N-NH4 + is the ammoniacal nitrogen concentration in the reactor;
pH is the pH value in the reactor, and °C is the temperature in the reactor.
Inoculum
The reactor was inoculated with nitrifying biomass from a sequential batch reactor (SBR) operated with bovine slaughterhouse wastewater. In the reactor inoculation, 25% of inoculum and 75% poultry slaughterhouse wastewater (v/v) were used. Reactor biomass concentration expressed in volatile suspended solids (VSS), was maintained at 2700 mg L −1 , according to the condition used by MEES et al. (2013) .
Experimental apparatus and operating conditions
Experimental apparatus consisted of a reactor, an aerator coupled to a flow meter to control airflow rate, a heater, a temperature controller and a mechanical stirrer with rotating blades with rotation set at 50 rpm.
SBR reactor was assembled in bench scale and manufactured of cylindrical polyethylene (18.5 cm in diameter and 20.5 cm in height), with a total volume of 5.5 L and a working volume of 3.5 L. In each batch, 2.625 L of wastewater were added to the reactor, in which was maintained 875 mL of the previous batch as inoculum. The reactor was operated with suspended biomass.
Batch reactor operating cycle was composed of the following phases: feeding, reaction (aerobic), sedimentation and discharging. Between one and another cycle, the system was kept at rest for immediate analysis of N-NH4 + and alkalinity because, when necessary, initial alkalinity was adjusted to the next batch. Alkalinity correction was carried out with sodium bicarbonate solution at a ratio of 0.61 mg NaHCO3 per mg N-NH4 + to be oxidized, as described by LAMENGO NETO & COSTA (2011) . In addition to sampling for alkalinity correction, collected samples were analyzed for physical and chemical parameters, as presented in Table 1 .
During the start-up, the reactor was operated with a 24-hour cycle time (CT), with a supply of 3.0 mg L −1 of oxygen and calcium bicarbonate to maintain a pH range between 7.0 and 8.0. The reactor was maintained under these conditions for 30 days.
At the end of reactor start-up period, strategies were adopted to inhibit nitrite-oxidizing bacteria, aiming at allowing the oxidation of only 50% N-NH4 + to N-NO2 − (Table 2) . Phase II CT reduction to 6 hours, pH control in the range between 7.4 and 7.8, and DO according to Phase I.
Phase III CT reduction to 5 hours, inhibition by free ammonia by using a pH range between 8.0 and 9.0, and DO according to Phase I.
Phase IV CT reduction to 4 hours, sufficient alkalinity supply for oxidation of only 50% N-NH4 + , according to [eq. (2) In order to promote the oxidation of only 50% N-NH4 + to N-NO2 − , in the phases IV and V the alkalinity supply was calculated by [eq. (2) Each experimental phase lasted 14 days, seven of them for microorganism adaptation to the new conditions and the other seven days for taking samples in all operating cycles, thus justifying the different numbers of cycles occurred at each experimental phase.
At phase V, CT was not previously fixed as at the other phases. A differentiated strategy was chosen, which consisted of performing 12 cycles with real-time monitoring, closing each cycle until such time as the proportion of 50% N-NH4 + and 50% N-NO2 − is reached.
In order to demonstrate the results, temporal profiles are presented, which allow visualizing the ammoniacal nitrogen conversion into nitrite and nitrate during the tests.
RESULTS AND DISCUSSION
During the start-up period, the reactor was operated with a 24-hour cycle time, presenting 99% average conversion from N-NH4 + to N-NO3 − , confirming that the biomass used in the experiment was active.
Phase I
Results concerning reactor operation under conditions established at experimental phase I (CT: 16 h; pH: 7.4 to 7.8; DO: 1.0 mg L −1 ) are shown in Table 3 . A nitrate increase in the reactor effluent can be observed, with the three combined nitrogen forms in the effluent higher than the N-NH4 + values in the affluent, indicating the existence of heterotrophic activity in the reactor (ammonification), in which organic nitrogen was converted into ammoniacal nitrogen, providing more substrate for nitrification during batching. MOREIRA et al. (2002) performed an experiment in an SBR reactor with nitrification and complete denitrification of poultry wastewater and observed ammonia production peaks during the cycles and COD consumption during aeration phases of the experimental cycle. In this study, COD consumption was also observed during aerobic phase. The complete nitrification observed in this stage can be justified by the cycle time value (16 h), which is considered relatively high for the oxidation of only 50% of the initial N-NH4 + . In a kinetic study of nitrifying activity in a SBR reactor with poultry slaughterhouse wastewater, MEES et al. (2013) observed average values for the constants k1 (nitritation) and k2 (nitratation) of 0.0043 ± 0.00315 min −1 and 0.02305 ± 0.00105 min −1 , respectively, indicating that the conversion of ammoniacal nitrogen into nitrite is a limiting stage of the process since its speed is five times lower than the conversion rate from nitrite to nitrate, confirming the favoring of nitrate generation with cycle time increasing.
Phase II
In the Table 4 is shows the characterization of reactor affluent and effluent during the its operation under conditions established at experimental phase II (CT: 6h; pH: 7.4 to 7.8; DO: 1.0 mg L −1 ). BRESSAN et al. (2011) observed nitrate formation in the second month of reactor operation. The authors attributed nitrate accumulation to the cellular growth of nitrifying bacteria, making ammonia oxidation process faster. The authors worked around this situation with CT reduction, a measure also adopted in this study.
Phase III
At experimental phase III (TC: 5 h; pH: 8 to 9; DO: 1 mg L -1 ), pH range from 8 to 9 was used in order to inhibit nitrite-oxidizing bacteria by free ammonia (SUN et al, 2010) . In the Table 5 is show concentration values of nitrogenous forms in reactor affluent and effluent during the operation under phase III conditions. In the Table 5 can be observed free ammonia formation in the reactor. Inhibition of bacteria that oxidize nitrite to nitrate can occur at free ammonia concentrations from 0.1 mg L −1 , but according to ANTHONISEN et al. (1976) , this inhibition effectively manifests for Nitrosomonas at initial free ammonia concentration in the range from 10 to 150 mg L −1 . Such concentration was not reached in this study.
At 5-hour cycle time (phase III), parameter values in reactor affluent and effluent were, respectively, 60.27 ± 7.36 and 30.94 ± 13.72 mg L −1 for TKN, 50.86 ± 9.75 and 37.26 ± 11.35 mg L −1 for COD, 8.58 and 8.72 for pH and 1367 and 1310 mg L −1 for alkalinity. SUN et al. (2010) obtained satisfactory results when using free ammonia as an inhibitor of nitrite-oxidizing bacteria in a study with sanitary sewage with an affluent concentration of 2444 mg L −1 of ammoniacal nitrogen and 15 mg L −1 of free ammonia. The authors aforementioned obtained partial nitritation efficiency of 76%. Comparing that result to those found in this study, the initial low ammoniacal nitrogen concentration in this study may promoted a negative influence on that inhibition strategy.
In a similar research, aiming at nitrification via nitrite, QUEIROZ et al. (2011) worked with an initial free ammonia concentration of approximately 12 mg L −1 , an internal reactor temperature of 35 °C and an initial concentration of ammoniacal nitrogen varying between 200 and 500 mg L −1 . The authors observed that such free ammonia concentration was insufficient to inhibit nitrification, even though within the parameters recommended by the literature. Thus, these results were attributed to microorganism adaptation. Free ammonia concentrations present in this study also evidenced such adaptation behavior of bacteria to free ammonia concentrations present in the substrate.
Phase IV
In the Table 6 is shown the characterization of reactor affluent and effluent during the Nitrifying bacteria activity was inhibited from strategies used in this experimental phase (IV), in which additional alkalinity started being provided, calculated as Equation 2. However, such factors were still not sufficient to maintain stable partial nitritation, represented by 50% N-NH4 + and 50% N-NO2 − .
At four-hour cycle time (phase IV), affluent and effluent concentrations of TKN were 69.92 ± 29.50 and 35.93 ± 11.30 mg L −1 , respectively, and 52.44 ± 10.24 and 28.53 ± 6.62 mg L −1 for COD, also demonstrating a heterotrophic activity in the reactor. SCHREEN et al. (2011) and GALÍ et al. (2010) , when carrying out studies with partial denitritation implementation, observed that high concentrations of ammoniacal nitrogen facilitated the process maintenance. The authors commented that the critical point for partial nitrification maintenance from ammonia to nitrite was low ammoniacal nitrogen concentration in the affluent. ZHU et al. (2008) also reported difficulties in maintaining partial nitritation in affluents with low ammoniacal nitrogen concentrations (close to 50 mg L −1 ) due to low ammonia saturation coefficient.
When comparing the results of this study with those of other authors, a possible conclusion is that low ammonia concentration in the affluent may have promoted a negative influence on the establishment and maintenance of partial nitration in the reactor. SUN et al. (2010) 
According to the profiles presented in Figure 2 , mainly regarding N-NH4 + :NO2 − ratio (Figure  2b ), partial nitritation process stabilization was not reached during the study. However, cycles in which N-NH4 + :NO2 − ratio reached values close to 1 were observed at all studied phases, indicating that modifications in inhibition strategies reached their initial effect, followed by microorganism adaptation to the changes promoted. In addition, at phase V, in which real-time monitoring of partial nitritation was promoted, N-NH4 + :NO2 − ratio values were more stable and closer to those recommended.
CONCLUSIONS
Ammonification process, observed at all experimental phases, negatively influenced partial nitritation process control. Alkalinity restriction together with low dissolved oxygen concentration under low cycle time (4 and 5 h) conditions, was decisive factors for nitrite-oxidizing bacteria inhibition. Partial nitritation stability was only achieved by real-time monitoring, in which cycles were stopped when 50% N-NH4 + and 50% N-NO2 − were present in the reactor.
